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Field of the Invention 

This Invention relates to a method for amplifying 
a target nucleic add sequence, and more particulariy 
relates to a method for amplification by exonudease 
mediated strand displacement 

Background of the Invention 

Nudeic adds may be either In the fom of deoxyri- 
bonucleic acids (DNA) or In the fbnn of ribonudetc 
adds (RNA). DNAand RNA are high molecular weight 
pdymers fonned from many nudeotlda buDdIng 
blocks. Each nudeotlda Is composed of a base (a 
purine or a pyrimidlne), a sugar (either ribose or 
deoxyribose) and a molecule of phosphoric add. DNA 
Is composed of the sugar deoxyribose and the bases 
adenine (A), guanine (G), cytosine (C) and thymine 
0). 

The nudeotides are assembled Into a linear chain 
to fom the genetic code. Each sequence of three nuo- 
leotides can be Iread" as the code for one amino acid 
through the process of translation. (DNA must first be 
converted into RNA through the process of transcrip- 
tion.) By vaiying the combination of bases In each 
three base sequence, different amino adds are coded 
for. By linking various three base sequences together, 
a sequence of amino adds can be made which fomfi 
proteins. The entire coding unltfor one protein is refer- 
red to as a gene. There can be one or more copies of 
a gene In an organism. Some genes are present In 
hundreds or thousands of copies. Othere are present 
only as a single copy. 

Regardless of the number of copies, genes are 
linked together In an organism to fom higher struc- 
tural units referred to as chromosomes in higher 
organisms, in some lower organisms, genes may 
occur In extra chromosomal uriits referred to as plas- 
mids. Genes need not be linked directly to each other 
in an end-to-end ^hton. Certain non-coding regions 
(i.e., sequences of bases that do not translate Into 
amino acMs) may occur between genes or within a 
gene. Thus, the anrangement of nudeotides in an 
organism detennines its genetic makeup which may 
be referred to as its genome. (Hence, DNA Isolated 
from an organism is referred to as genomic DNA.) 

DNA In most organisms Is arranged In the fom of 
a duplex wherein two strands of DNA are paired 
together In the familiar double helix. In this model, 
hydrogen bonds are formed between A and Tend be- 
tween C and G n th paired strands. Thus, on one 
strand, th sequence ATC6 (S'-^dO will have on its 
complimentary strand the sequence TAGC (3'-^50. 
Both strands, however, contain the same genetic 
code only In a compi mentary base-paired mann r. 
One could read, therefore, either strand of DNA In 
order to determine th genetic sequence coded for. 

For a further description of the organization. 



structure and function of nudeic acids, see Watson, 
Mdecular Biology of the Gene. W.J. Benjamin, ln& 
(3rd edit 1977), espedally ch.s 6-14. 

Undsretandlng and determining the genetic sequ- 

5 ence of nudek: acids present in a sample is Important 
for many reasons. Rrst, a number of diseases are 
genetic In the sense that the nudeotide sequence for 
a "normal * gene Is In sonrte manner changed. Such a 
change ooukt arise by the substitution of one bas for 

10 another. Given that three bases code for a single 
amino acid, a change In one base (refened to as a 
point mutation) could result In a change In the amin 
add which. In turn, could result In a defective protein 
being rnade in a ceil. Sickle ceil anemia is a dassic 

15 example of such a geneticdefect caused by a change 
In a single base in a single gene. Other examples of 
diseases caused by single gene defects Indude Fac- 
tor IX and Factor VIII deficiency, adenosine deamin- 
ase deficiency, purine nudeotide phosphorylase 

20 deficiency, ornithine transcarbamylase defldency, 
arglnlnsucdnate synthetase defldency, beta-thalas- 
semla, oh antitrypsin defldency, glucocerebrosldase 
defldency, phenylalanine hydroxylase defldency and 
hypoxanthlne-guanlne phosphoribosyitransfsrasa 

25 defldency. StOI other diseases, such as cancera, are 
believed to t>e caused by the acthmtion. trenstocatfon, 
transposition, Increase in copy number and/or 
removal of suppression of genes known to be present 
In the genome refenred to as oncogene& Examples of 

so oncogenes believed to be relevant to certain cancera 
Indude N-myc for neuroblastomas, retinoblastomas 
and small-cell lung cancera and c-abi for chronic 
inyelogenous leukemia. For a further description of 
the relevance of oncogenes to the dliagnosls of can- 

35 cera and for a listing of speciflc oncogenes, see Wein- 
berg, Sd. Amen, Nov. 1983, Siamon et aL, Sd nc , 
224:256 (1984), U.S. Pat Na 4,899.877 and 
4,918,16Z 

Second, in additton to changes in the sequence 
40 of nudeic adds, there are genetic changes that occur 
on a stmdural level. Such changes Indude Insertiona, 
deletions and translocattona along a chromosome 
and indude increased or decreased numbera of 
chromosomes. In the fomner instance, such changes 
45 can result from events referred to as crossing-over 
where strands of DNA finom one chromosome 
exchange various lengths of DNA with another 
chromosome. Thus, for example, in a "normal* indiv(- 
dual, the gene forprotein "X* might reside on chromo- 
50 some 1; after a crossing-over event, that gene could 
now hav been translocated to chronnosome 4 (with 
or without an equal exchange of DNA from chromo- 
some 4 to chromosome 1) and the cell may not pro- 
duce X 

55 In the Instance of Increased or decreased 
chromosome number (refenred to as aneupioldy). 
Instead of a 'normal' Indhddual having the correct 
number of copies of each chromosome (e.fl., two of 
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each In humans [other than the X and Y chromo- 
somes]), a difTerent numb r ccurs. In humans, fbr 
example, Down's syndrome Is the result of having 
three copies of chromosome 21 Instead of the normal 
two copies. Other aneuplold conditions result from s 
trisomies Involving chromosomes 13 and 18. 

Third, Infectious diseases can be caused by para- 
sites, microoiganlsms and viruses all of which have 
their own nucleic acids. The presence of these organ- 
isms in a sample of biological material often Is deter- f o 
mined by a number of traditional methods ( e.g., 
culture). Because each organism has Its own 
genome, however, if there are genes or sequences of 
nudeic acids that are specific to a single species (to 
several related species, to a genus or to a higher level 18 
of relationship), the genome will provide a "flngerprint* 
fbr that organism (or species, etc.) . Examples of vir- 
uses to which this invention is applicable include HIV, 
HPV. EBV, HSV, Hepatitis B and C and CMV. Exam- 
ples of microorganisms to which this invention is 20 
applicable Include bacteria and more particularly 
Include H. Influenzae, mycoplasma, legionella, 
mycobacteria, chlamydia, Candida, gonoccl, shigella 
and salmonella. 

In each example set Ibrth above, by identifying a 25 
sequence that Is specific fbr a disease or organism, 
one can Isolate nucleic acids from a sample and 
determine if that sequence is present A number of 
methods have been develqped In an attempfto do 
this. 30 

While it Is critical that one or more sequences 
specific for a disease or organism be identified, It Is 
not important to the practice of this invention what the 
target sequences are or how they are kJentifled. The 
most straightforward means to detect the presence of 35 
a target sequence in a sample of nucleic acids Is to 
synthestee a probe sequence complementary to the 
target nucleic acid. (Instrumentation, such as the 
Applied BloSystems 380B, are • presently used to 
synthesize relatively short nudeic acid sequences fbr 40 
this purpose.) The synthesized probe sequence then 
can be applied to a sample containing nudeic adds 
and. if the target sequence If present, the probe will 
bind to it to form a reaction product In the absence of 
a target sequence and barring non-specific binding, 48 
no reaction product will be formed. If the synthesized 
probe is tagged with a detectable label, the reaction 
product can be detected by measuring the amount of 
label present Southern blotting Is one example where 
this method is used. 80 

A difficulty with this approach, however. Is that It 
Is not readily applicable to those Instances where the 
number of copies of the target sequence present in a . 
sample Is low (Le., less than 10^. In such Instances, 
It Is difficult to distinguish signal from noise (Le., true 8S 
binding between probe arid target sequences from 
non-specific binding bebween probe and non-target 
sequences). One way arourid this problem Is to 



Increase the signal. Accordingly, a number of 
m thods have been described to amplify th taiget 
sequences present In a sample. 

One of the best known amplification methods is 
ttie polymerase chain reaction (referred to as PGR) 
which Is described In detaD In U.S. Pat No.s 
4.683.195, 4.683,202 and 4.800.159. Briefly, In PGR. 
two primer sequences are prepared which are com- 
plementaiy to regions on opposite complementary 
strands of the target sequence. An excess of 
deoxynudeosldetriphosphates are added to a reac- 
tion mbcture along with a DMA polymerase (e.g., Taq 
polymerase). If the target sequence Is present In a 
sample, the primers will bind to the target and the 
polymerase will cause the primers to be extended 
along the target sequence by adding on nudeotid s. 
By raising and lowering the temperature of the .reac- 
tion mixture, the extended primers will dissociate from 
the target to fomi a reaction products, excess primers 
will bind to the target and to the reaction products, and 
the process Is repeated. 

Another method for amplification is described in 
EPA No. 320.308, published June 14, 1989, which is 
the llgase chain reaction (referred to as ICR). In LCR, 
two complementary probe pairs are prepared, and In 
the presence of the target sequence, each pair will 
bind to opposite complementary strands of the target 
such that they abut In the presence of a llgase, the 
two probe pairs win link to form a single unit By tem- 
perature cydlng, as In PGR, bound llgated units dis- 
sociate from the target and then serve as "target 
sequences" for ligation of excess probe pairs. U.S. 
Pat No. 4,883,750 describes a method similar to LGR 
for binding probe pairs to a target sequence but does 
not describe an amplification step. 

A still further amplification method Is described In 
POT Appl. No. PCT/US87/00880, published October 
22, 1987, and Is relfenred to as the Qbeta Repllcase 
method, in this method, a repllcative sequence of 
RIMA which has a region complementary to that of a 
target la added to a sample In the presence of an RNA 
polymerase. The pdymerase will copy the replicath^ 
sequence which then can be detected. 

Still other amplification methods are descrit>ed In 
GB Appl. No. 2 202 328, published September 21, 
1988, and In' PGT Appl. Na PGTAJS89I/01025. 
published October 5, 1989. In the fonmer appllcatfon, 
"modified" primere are used In a PGR like, template 
and enzyme dependent synthesis. The primere may 
be modified by labelling with a capture moiety (e.g.. 
bkstin) and/or a detector moiety (e.g., enzyme). In the 
latter application, an excess of labelled probes are 
added to a sample. In the presence of the target sequ- 
ence, the probe binds and is deaved cataiyticaliy. 
After d avag , the target sequence Is released intact 
to be bound by excess probe. Cleavage of the labelled 
probe signals the presence of the target sequence. 

For ail of the above-described methods, a variety 
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ofd tectlon methods may be mployed none of which 
are critical to the amplification method employed. One 
method Is detect reaction products having a specific 
size via electrophoresis. Another method is to 
radiolabel the probe sequence with ^P, for example, s 
and then to detect the radloac^ity emitted by the 
reaction products, alone or In combination with 
electrophoresis. A further method Is to chemically 
modify the primer by adding a binding molecule (e,g., 
biotln), and enzyme ( e.g., alkaline phosphatase), a io 
fluorescent dye ( e.g., phycoblliprotein) or a combi- 
nation. Another method is to develop a detection 
primer which will bind to the reaction product and be 
extended in the presence of polymerase. The detec- 
tion primer can be radiolabelled or chemically mod- 15 
Ifled as described above. Many of these methods may 
be adapted to solid phase as well as solution systems. 
A number of these methods, as well as others, are 
described In U.S. Pat ko,s 4.358,535, 4.705,886, 
4,743,535. 4,777,129, 4,767,899. and 4,767,700. 20 

Each of the above-referenced amplification 
methods has one or more ilmitatbns. In most of the 
amplification methods, a key limitation is the require- 
ment for temperature cycling to cause the reaction 
products to dlssodpite firom the target This places a 25 
limitation on both the devices used to perform the 
method as well as on the choice of enzymes neces- 
sary to form the reaction products. Other limitations of 
these methods Include production of RNA inter- 
mediates sensitive to endogenous nuclease degra- so 
dation and dUFicuity in production of associated 
enzymes. Alternative methods to such existing ampli- 
fication methods are desirable. 

Summary of the Invention 38 

This inventton provides for a method of amplifi- 
catton of a target nudeic add sequence (and Its conv 
plementary strand) In a sample by exonudease 
mediated strand displacement In its simplest form, 40 
the method comprises the steps of adding to a target 
nudeic add sequence to be amplified a mbdure com- 
prising (a) a nudeic Qcid polymerase, (b) deoxynuo- 
ieosidebiphosphates Induding at least one 
substituted deoxynudeosldetriphosphate, (c) an 45 
exonudease and (d) at least one primer which Is cono- 
plementary to a region at the 3' end of a target frag- 
ment, and allowing the mbdure to react for a time 
sufndent to generate reaction products. Where the 
nudeic adds are to l)e Isolated from a sample cono- so 
prising a biological material, the method further Invd- 
ves the Initial steps of 1) Isolating nudeic adds 
suspected of containing the target sequence firom a 
sample, and 2) generating single stranded fragments 
of target sequences. Where the fragments comprise 55 
double standard nud Ic adds, the method further 
comprises denaturing the nudeic add fragments to 
form single stranded target sequences. Where the 



nudeic adds comprise RNA, it Is preferable to use 
reverae transcriptase to convert RNA to DNA. 

The invention further relates to methods for the 
separation and/or detection of reaction products gen- 
erated by the above-described method. Methods for 
separation comprise magnetic separation, membrane 
capture and capture on solid supports. In each 
method, a capture moiety may be bound to a magnetic 
bead, membrane or solid support The beads, menrv 
brane or solid support then can be assayed for th 
presence or absence of reaction products. An 
example of a capture moiety Indudes a nudeic sequ- 
ence complementary to the reaction products pro- 
duced and an antibody directed against a receptor 
Incorporated Into the primer or reaction product The 
separation system may or may not be coupled t a 
detection system. 

Detection systems useful in the practice of this 
Invention comprise homogeneous systems, which do 
not require separation, and heterogeneous systems. 
In each system, one or more detectable markera are 
used and the reaction or emission from the detecti n 
system Is monitored, preferably by automated m ans. 
Examples of homogeneous systems Indude fluoreso- 
ence polarization, enzyme mediated Immunoassays, 
fluorescence energy transfer, hybridization protection 
(e,g. , acridinlum luminescence) and doned enzyme 
donor Immunoassays. Examples of heterogeneous 
systems Indude enzyme labels (such as peraxidas ^ 
alkaline phosphatase and beta-galactosidase), 
fluorescent labels (such as enzymatic labels and 
direct fluorescence labels [e^ fluorescein and 
rhodamine]), chemBumlnescence and blolumlnesc- 
ence. Liposomes or other sac like partldes also can 
be filled with dyes and other detectable markers and 
used in such detection systems. In these systems, th 
detectable markers can be conjugated directly or Indi- 
rectly to a capture moiety or the reactton products can 
be generated In the presence of a receptor whteh can 
be recognized by a llgand for the receptDr. 

The Invention still forther relates to methods of 
generating reaction products which, by removing tti 
recognition sequence at tiie 5' end, can function as 
probes. In tills foimat, ttie above described meUiod 
and steps are used to generate reaction products. 
The reaction products then may be treated with a res- 
triction enzyme to deave tiie recognition sequ nee 
firom the reaction product In this manner, the recog- 
nition sequence is removed and the remaining reac- 
tion product comprises a probe which can b used In 
otiieir systems. 

In ttte presence of a single stranded fragment a 
primer will bind to its complementary target strand. In 
the presence of polymerase, nudeotides and substi- 
tuted nudeotides will b added to ttie 3' end of tiie 
primer along tfie remaining length of the target to fonn 
a probe strand. The resulting double stranded product 
will compris an unsubstitut d target strand while th 
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probe strand will comprise an unsubstiiuted primer 
coupled 5' to an extended sequence compi mentary 
to the target sequence. 

In the presence of a double strand specific 5'-^' 
exonudease, the primer portion of the probe will be 
digested up to the point of the firat substituted nuc- 
leotide but no farther because its sequence contains 
the substituted nucleotides. A new primer then wilt 
bind to the single strand portion of the target As It 
does so, it wOl be extended by the polymerase; how- 
ever, the probe strand lacking the primer portion 
which is stUI bound to the target will be displaced by 
the polymerase downstream 0.e., 5'->3') generating 
a reaction product that la complementaiy to the target 
strand. Thus, whBe the strand Is displaced, the 
polymerase also will generate a new probe sbBnd 
adding nucleotides to the primer. 

The method also can ftjnctlon with two primere 
wherein one primer wDI bind to one strand of a target 
sequence and the other primer will bind to the com- 
plementary strand of the target sequence. When this 
embodiment Is used, It wUI be apparent that each 
reaction product can function as a "taigetf for the 
other primer. In this manner, amplification proceeds 
logarithmically. 

Brief Description of the .Drawings 

RG. 1 comprises a flow chart of the steps In an 
example of the method claimed in this Invention tor a 
single stranded DNA fragment 

FIG. 2 comprises a flow chart of the steps In an 
example of the method claimed In this Invention for 
double stranded genomic DNA. 

Detailed Description 

In this invention, the sample may be Isolated from 
any biological material suspected of containing the 
target nucleic acid sequence. For animals, preferably, 
mammals, and more preferably humans, the sources 
of such materials may comprise blood, bone marrow, 
lymph, hard tissues (e.g., liver, spleen, kidney, lung, 
ovary, etc) , sputum, feces and urine. Other sources 
of material may be derived from planta, soli and other 
materials suspected of containing biological organ- 
Isms. 

The Isolation of nudeic acids from these mate- 
rials can be done any number of ways. Such methods 
Include the use of detergent tysates, sonlcatlon, vor- 
texing with glass beads and a French press. In some 
Instances, It may be advantageous to purify the nuc- 
leic acids Isolated (e.g.. w:here endogenous nuc- 
leases are present), in thos instances, puriflcation of 
the nucleic acids may be accomplished by phenol ext- 
ract! n, chromatography, Ion xchange, g 1 electro- 
phoresis or density dependent centrifugatlon. 

Once th nucleic acids are Isolated, It will be 



assumed for purposes of Olustration only that the 
g nomic nucleic acid Is DNA and la double stranded. 
In such Instances, It Is prefarrsd to cleave the nucleto 
acids in the sample into firagmenta of between 

5 approximately 50-500bp. This may be done by a res- 
trictton enzyme such as Hha I, Fok I or Dpn i. The 
selection of the enzyme and the length of the sequ- 
ence should be such so that the target sequence 
sought likely will be contained In Ita entirety within the 

10 fragment generated or at least a sufficient portion of 
the target sequence will be present In the fragm nt to 
provide sufficient^ binding of the probe sequence. 
Other methods for generating fragments include PGR 
and 8onlcatk)n. 

f 5 The primera used In this method generally have 
a length of 15 - 100 nucleotides. Primera of approxtnrv- 
ately 20 nucleotides are prefened. This sequence 
should be substantially homologous to a sequence on 
the target such that under high stringency condition 

20 binding will occur. 

Once target nucleic acid fragmenta are gener- 
ated, they are denatured to render them single stran- 
ded so as to permit binding of the primera to the target 
strands. Raising the temperature of the reaction to 

25 approximately 95»C Is a preferred method for denatur- 
ing the nucleic acids. Other methods Include raising 
pH; however, tills will require lowering the pH In order 
to allow the probes to bind to the target 

Eitiier before or after ttie nudeic acMs are denat- 

so ured, a mbdure comprising an excess of all four 
deoxynudeoskietriphosphates wherein at least one 
of which Is substituted, a polymerase and an exonuo- 
lease are added. (If high temperature la used to denat- 
ure the nudeic adds, unless ttiermophilte enzymes 

38 are used, it Is preferrable to add the enzymes after 
denaturation.) The substituted deoxynudeosidetriphos- 
phate should be modified such ttiat it wQI inhibit 
digestion of ttie strand containing the substituted 
deoxynudeotidea. An example of such a substftuted 

40 deoxynudeosidetriphosphates Includes 2'deoxyade- 
noslne 5'-0-<1-tiiIotriphosphate). The modified nuc- 
leotide could alternatively be Incorporated Into ttie 
primer during chemical synthesis. In this case, mod- 
ified deoxynudeosidetriphosphates are not necea- 

45 sary. 

The selection of ttie exonudease used In ttila 
metttod should be such tiiat It will digest double stran- 
ded DMA. The exonudease furtiier should be selec- 
ted so as not to digest tiie target strand or ttie 

80 subsfltoted portion of ttie probe. It need not be 
themiophQIa Exonudeases such as T7 gene 6 
exonudeass and lamda exonudease (U.S. Blochenrv 
Ical) are particulariy useful. 

Polymerases useful in tills mettiod Indude those 

59 ttiat will polymerize ttie target lirom the 5* end to ttie 
3' end. Th polymerase, however, should also dis- 
place ttie polymerized target wittiout digesting ttie 
template strand, and, Importantty, should lack any 5'. 
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to 3' exonudease activity. Polymerases such as the 
klenow fragment of DNA polymerase I and the 
exonudease deficient klenow fragment of DNA 
polymerase I (United States Biochemical) and a simi- 
lar fragment firom the Bst polymerase (BioRad) are 8 
useful. 

An additional feature of this method Is that It need 
not be run a varying temperatures. Many amplification 
methods require temperature cyding In order to dl»- ; 
sodate the target from the synthesized strand. In this io 
method, a single temperature may be employed after 
denaturatlon has occunred. The temperahjre of the 
reaction should be high enough to set a level of string- 
ency that minimizes nonspecific binding but low 
enough to minimize the time within which binding of 15 
the probe to the target strand takes place. 37*C has 
been found to be a preferred temperature. 

Referring to FIG. 1 , one example of this invention 
is set forth. In this example, the sb^nd labelled P rep- 
resents the primer. The strand labelled T Is the target 20 
sequence which has already* been firagmented and 
rendered single stranded. In the method, the primer 
binds to the target and in the presence of pdymerase, 
deoxynudeosidetriphosphates and athto substituted 
deoxynudeosldetrlphosphatai the primer Is extended 25 
the length of the target In the presence of the exonuo- 
lease, the probe strand Is digested beginning at the 5' 
end until it comes to the first substituted nudeotlde. A 
new primer then binds to the target; however.ln the 
presence of the polymerase lacking 5'^->3' exonuc- so 
lease activity, the partially digested probe strand Is 
displaced from the target strand beginning at the first 
substituted nudeotkle to create a reaction product 
and a new strand Is synthesized firbm the newly bound 
primer . In summary fashion (not shown), the newly 55 
synthesized strand too will be digested tiy the exonuc- 
lease and the pdymerase then will displace this 
strand generating anotiier until eitiier the reaction Is 
stopped or one of the reagents becomes limiting. 

Referring to FIG. 2, an example is shown for a 40 
double stranded target Thus, instead of having one 
primer, there are two primer (Pi and P2), one each 
being complementary to tiie two target sequences (Tt 
and T2). The reaction then proceeds as described for 
FIG. 1. It is to be noted, however, tiiat P^ will bind to 48 
the reaction product produced from T2 whQe P2 will 
bind to ttie reaction product produced firom Ti. In tills 
manner, amplification proceeds logarittimlcaily. 

The presence of the amplified target ttien can be 
detected by any number of mettiods. One method Is 50 
to detect reaction products of a sp cificsize by means 
of gel electrophoresis. This method is particularly use- 
ful when the nucl otides used are lab lied with a ra- 
dio-label, such as ^P. Otiier mettiods Indude ttie use 
of labelling the nudeotides witti a physical label, such 88 
as blotin. Blotin containing reaction products can ttien 
be identified by means of avldln bound to a signal 
generating en^me, such as peroxidase. 



An additional embodiment of tiiis invention is in 
the preparation of muitipl copies of a single stranded 
nudeic acid sequence. It will be appreciated tiiatthe 
production of synthetic probes on a device IDce the 
Applied Blosystems 380 Instrument Is time consum- 
ing and is not readily applicable to generation of 
probes having several hundred nudeotides. The 
method of exonudease mediated strand dteplace- 
ment need not be used to amplify a signal to detect the 
presence of a target for diagnostic purposes. It also 
is readily applicable to tiie generation of multiple 
copies of a single stranded nudeic add sequence for 
use as a probe in any system of detection. 

In tills embodiment a single stranded nudeic 
add sequence to be amplified Is prepared. This can 
be made firom a synthetic sequence or genomic nuc^ 
leic acids as described above. A reaction mbdure 
similar to that describe above is prepared using a 
probe complementary to the nudeic add sequence to 
be amplified. The reaction Is ttien allowed to take 
place as above. The resulting reaction products will 
comprise ttie amplified copies of ttie nudeic acid 
sequence and can be used as primera or probes. 

All publications and patent applications mer>- 
tioned In this specification are Indlcath^e of ttie level 
of ordinary skill In ttie art to which ttiis invention per- 
tains. All publications and patent applications are 
herein incorporated by reference to the same extant 
as If each Individual publication or patent application 
was speclflcally and IndivMually Indicated to be incor^ 
porated by reference. 

It wQI be apparent to one of ordinary skli In ttie art 
ttiatmany changes and modifications can be made in 
ttie bivention wittiout departing from ttie spirit or scop 
of the appended daims. ^ 



Claims 

1. A mettiod for amplifying a target nudeic iackl 
sequence In a sample comprising ttie steps of: 

a) Isolating nudete add firagments from a 
sample; 

b) preparing single stranded target nucl Ic 
acids; 

c) adding tb tiie target sequence sample a 
reaction mixture comprising an excess of 
deoxynudeosidetriphosphates, at least on of 
which Is substituted, a DNA polymerase lack- 
ing 5* to 3' exonudease activity, one or more 
primers that are complementary to tiie singi 
strands of the target sequence, and a double 
strand specific 5'-43' exonudease; 

d) allowing tiie reaction mbcture to react witii 
tiie single stranded fragments for a period of 
time suffldent to generate reaction products; 
and 

e) detecting ttie presence of the reaction pro- 
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' ducts produced. 

2. The method of dalm 1 wherein a restriction 
enzyme is used to create nucieic acid fragments. 

3. The method of daim 1 wherein the sample Is 
derived from animal material comprising blood, 
bone marrow, lymph, hard tissue, urfne, feces 
and sputum, plant material and soil. 

4. The method of daim 1 wherein the nucieic and 
fragments are rendered single stranded by heat- 
ing the sample. 

5. A method for amplifying a target nudeic acid 
sequence comprising the steps of: 

a) Isdating nudeic adds from a sample whe- 
rein the sample Is derived firom human biologi- 
cal material; 

b) generating single stranded nudeic acids by 
heating the sample; 

c) adding a reaction mbdure comprising an 
excess of deoxynudeosldetriphosphates at 
least one of which Is substituted, a DNA 
polymerase lacking 5' to 3' exonudease 
activity, one or more primers that are com- 
plementary to tiie.slngle strands of tiie target 
sequence, and a double strand specific 5'->3' 
exonudease; 

d) allowing tiie reaction mbdure to react wMi 
the single stranded nudeic adds for a period 
of time sufTident tp generate reaction pro- 
ducts; and 

e) detecting tiie reaction products produced 

6. The mettiod of dalm 5 wherein ttie polymerase Is 
selected from the group consisting of the Menow 
fragment of DNA polymerase I, the exonudease 
defldent Menow firagment of DNA polymerase I 
and Bie klenow ftagment of Bst polymerase, 

7. The mettiod of daim 6 wherein tiie polymerase Is 
tiie klenow firagment of DNA pdymeresa I. 
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probes ars specific for a bacterial nudeic acid 
sequenca 

iZ The method of any of dalms 1 and 5 wherein the 
probes are specific for an oncogene nudeic ackl 
sequerice. 

13. The method of any of dalma 1 and 5 wherein the 
probes are specific for a nucieic acid sequence 
involved In a single point mutation. 



8. The mettiod of dalm 5 wherein tiie exonudease 
Is T7 gene 6 exonudease. 

9. The method of daim 5 wherein detection of ttie 
reaction products is carried out by tagging the 
primer witti a label selected fmn tiie group con- 
sisting of a radlQlabel, an enzyme and a fluoree- 
centdy . 

10. The metiiod of any of daims 1 and 5 wherein ttie 
probes are specific for a viral nudeic add sequ- 

nce. 



45 



SO 



65 



1 1. The metiiod of any of dalms 1 and 5 wherein ttie 
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